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EXAMINER'S AMENDMENT 

An examiner's amendment to the record appears below. Should the changes 
and/or additions be unacceptable to applicant, an amendment may be filed as provided 
by 37 CFR 1 .31 2. To ensure consideration of such an amendment, it MUST be 
submitted no later than the payment of the issue fee. 

Authorization for this examiner's amendment was given in a telephone interview 
with John-Paul Cherry on 24 April 2007 and 25 April 2007, a summary of which is 
attached. 

The application has been amended as follows: 



Please cancel claims 13, 53-54, and 62-63, and amend the claims as follows: 



1 . (Currently Amended) A method for forming a ruthenium layer on a substrate, 
comprising: 

positioning a substrate within a process chambe r wherein the process chamber 
comprises an expanding channel positioned to expose the substrate to a process gas 
comprising a ruthenium-containing compound or a reducing gas: 

delivering the process gas from the expanding channel having a circular flow 
pattern : and 

exposing the substrate sequentially to [[a]] the ruthenium-containing compound 
and [[a]] the reducing gas during an atomic layer deposition process to form a ruthenium 
material on the substrate, wherein the ruthenium-containing compound is selected from 
the group consisting of bis(2 t 4-dimethvlpentadienvl) ruthenium, (2,4- 
dimethylpentadienyl) ruthenium (cyclopentadienyl), (2,4-dimethylpentadienyl) ruthenium 
(methylcyclopentadienyl), (2,4-dimethylpentadienyl) ruthenium (ethylcyclopentadienyl), 
(2,4-dimethylpentadienyl) ruthenium (isopropylcyclopentadienyl), derivatives thereof, 
and combinations thereof. 

2. (Previously Presented) The method of claim 1 , wherein the process chamber is 
purged with a purge gas and a deposition cycle of the atomic layer deposition process 
includes sequentially delivering the ruthenium-containing compound, the purge gas, the 
reducing gas, and the purge gas into the process chamber. 
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3. (Cancelled) 

4. (Previously Presented) The method of claim 1 , wherein the reducing gas 
comprises one or more reagents selected from the group consisting of hydrogen, atomic 
hydrogen, ammonia, silane, disilane, dimethylsilane, methyjsilane, ethylsilane, 
chlorosilane, dichlorosilane, hexachlorodisilane, borane, diborane, triborane, 
tetraborane, pentaborane, triethylborane, derivatives thereof, and combinations thereof. 

5. (Previously Presented) The method of claim 4, wherein the substrate is heated to 
a temperature of less than about 400°C and the process chamber is pressurized to a 
pressure of less than about 80 Torr. 

6. (Cancelled) 

7. (Original) The method of claim 2, wherein the purge gas is selected from the 
group consisting of helium, argon, hydrogen, nitrogen, and combinations thereof. 

8. (Previously Presented) The method of claim 5, wherein the ruthenium-containing 
compound is pulsed into the process chamber for a duration within a range from about 
0.05 seconds to about 1 .5 seconds. 

9. (Previously Presented) The method of claim 8, wherein the reducing gas is 
pulsed into the process chamber for a duration within a range from about 0.1 seconds to 
about 2 seconds. 

10. (Previously Presented) The method of claim 7, wherein the purge gas is pulsed 
into the process chamber for a duration within a range from about 0.07 seconds to 
about 1 second. 

1 1 . (Previously Presented) The method of claim 4, wherein the ruthenium material is 
formed having a thickness within a range from about 1 0 A to about 1 00 A. 

12. (Cancelled) 

13. (Cancelled) Th e m e thod of claim 1, wh e r e in th e ruth e n i um conta i n i ng compound 
i s e xpos e d to th e substrat e from an e xpand i ng channol. 

14. (Previously Presented) A method for forming a ruthenium layer on a substrate, 
comprising: 

positioning a substrate within a process chamber comprising a lid assembly 
having a centralized expanding channel; 
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flowing a carrier gas towards the walls of the expanding channel and down the 
expanding channel towards the substrate, wherein a flow rate of the carrier gas 
decreases as the carrier gas travels through the expanding channel; 

exposing the substrate to the carrier gas; and 

exposing the substrate sequentially to a ruthenium-containing compound and a 
reducing gas to form a ruthenium material on the substrate, wherein the ruthenium- 
containing compound and the reducing gas are sequentially pulsed into the carrier gas 
and the ruthenium-containing compound comprises a 2,4-dimethylpentadienyl ligand. 

15. (Cancelled) 

16. (Previously Presented) The method of claim 14, wherein the ruthenium- 
containing compound is selected from the group consisting of 
bis(2,4-dimethylpentadienyl) ruthenium, 

(2,4-dimethylpentadienyl) ruthenium (cyclopentadienyl), 
(2,4-dimethylpentadienyl) ruthenium (methylcyclopentadienyl), 
(2,4-dimethylpentadienyl) ruthenium (ethylcyclopentadienyl), 
(2,4-dimethylpentadienyl) ruthenium (isopropylcyclopentadienyl), derivatives thereof, 

and combinations thereof. 

1 7. (Previously Presented) The method of claim 1 6, wherein the reducing gas 
comprises one or more reagents selected from the group consisting of hydrogen, atomic 
hydrogen, ammonia, silane, disilane, dimethylsilane, methylsilane, ethylsilane, 
chlorosilane, dichlorosilane, hexachlorodisilane, borane, diborane, triborane, 
tetraborane, pentaborane, triethylborane, derivatives thereof, and combinations thereof. 

18. (Previously Presented) The method of claim 17, wherein the substrate is heated 
to a temperature of less than about 400°C and the process chamber is pressurized to a 
pressure of less than about 80 Torr. 

19. (Cancelled) 

20. (Previously Presented) The method of claim 14, wherein the carrier gas is 
selected from the group consisting of helium, argon, hydrogen, nitrogen, and 
combinations thereof. 

21 . (Previously Presented) The method of claim 18, wherein the ruthenium- 
containing compound is pulsed into the carrier gas for a duration within a range from 
about 0.05 seconds to about 1.5 seconds. 
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22. (Previously Presented) The method of claim 21 , wherein the reducing gas is 
pulsed into the carrier gas for a duration within a range from about 0.1 seconds to about 
2 seconds. 

23. (Cancelled) 

24. (Previously Presented) The method of claim 17, wherein the ruthenium material 
is formed having a thickness within a range from about 10 A to about 100 A. 

25-26. (Cancelled) 

27. (Currently Amended) A method for forming a l ayer comprising ruthenium^ 
containing material on a substrate w i th i n a proc e ss chamber , comprising: 

positioning a substrate within a process chamber, wherein the process chamber 
comprises an expanding channel positioned to expose the substrate to a process gas 
having a circular flow pattern: and 

exposing the substrate to the process gas during an atomic layer deposition 
process cycle, comprising: 

(a) exposing [[a]] the substrate to the process gas comprising a ruthenium- 
containing compound to form a ruthenium-containing layer thereon, wherein the 
ruthenium-containing compound comprises a 2,4-dimethylpentadienyl ligand and a 
s e cond l i gand so l octod from the group cons i sting of cyclopontadionyl, 
mothylcyc l opentad i eny l , e thylcyc l opontadiony l , propy l cyc l opontadiony l , and dor i vat i vos 
thoroof ; 

(b) purging the process chamber with a purge gas; 

(c) exposing the substrate to the process gas comprising a reducing gas 
to form a ruthenium [[-]] conta i n i ng l ay e r material thereon; and 

(d) purging the process chamber with the purge gas. 

28. (Currently Amended) The method of claim 27, wherein the ruthenium material is 
formed deposited by repeating an ALD the atomic layer deposition process cycle of 
steps a-d. 

29. (Currently Amended) The method of claim 28, wherein the ruthenium-containing 
compound is selected from the group consisting of 
bis(2,4-dimethylpentadienyl) ruthenium, 

(2,4-dimethylpentadienyl) ruthenium (cyclopentadienyl), 
(2,4-dimethylpentadienyl) ruthenium (methylcyclopentadienyl), 
(2,4-dimethylpentadienyl) ruthenium (ethylcyclopentadienyl), 
(2,4-dimethylpentadienyl) ruthenium (isopropylcyclopentadienyl), derivatives thereof, 

and combinations thereof. 
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30. (Previously Presented) The method of claim 29, wherein the reducing gas 
comprises one or more reagents selected from the group consisting of hydrogen, atomic 
hydrogen, ammonia, silane, disilane, dimethylsilane, methylsilane, ethylsilane, 
chlorosilane, dichlorosilane, hexachlorodisilane, borane, diborane, triborane, 
tetraborane, pentaborane, triethylborane, derivatives thereof, and combinations thereof. 

31 . (Previously Presented) The method of claim 30, wherein the substrate is heated 
to a temperature of less than about 400°C and the process chamber is pressurized to a 
pressure of less than about 80 Torr. 

32. (Cancelled) 

33. (Original) The method of claim 28, wherein the purge gas is selected from the 
group consisting of helium, argon, hydrogen, nitrogen, and combinations thereof. 

34. (Previously Presented) The method of claim 31 , wherein the ruthenium- 
containing compound is pulsed into the process chamber for a duration within a range 
from about 0.05 seconds to about 1 .5 seconds. 

35. (Previously Presented) The method of claim 34, wherein the reducing gas is 
pulsed into the process chamber for a duration within a range from about 0.1 seconds to 
about 2 seconds. 

36. (Previously Presented) The method of claim 33, wherein the purge gas is pulsed 
into the process chamber for a duration within a range from about 0.07 seconds to 
about 1 second. 

37. (Previously Presented) The method of claim 30, wherein steps a-d are repeated 
to form the ruthenium material having a thickness within a range from about 10 A to 
about 100 A. 

38-52. (Cancelled) 

53. (Cancelled) Tho method of c l aim 13, wherein tho expanding chann el i s 
pos i tioned to expose the substrate to a proc e ss gas compr i sing tho ruthenium 
conta i n i ng compound or tho reducing gas. 

54. (Cancelled) Th e m e thod of c l a i m 53, wh e r ei n th e proc e ss gas i s d eli v e r e d from 
th e expanding channe l hav i ng a circular flow patt e rn. 

55. (Currently Amended) The method of claim [[54]] 1, wherein a deposition cycle of 
the atomic layer deposition process includes sequentially delivering the ruthenium- 
containing compound and the reducing gas into the carrier gas. 
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56. (Previously Presented) The method of claim 55, wherein the reducing gas 
comprises a reagent selected from the group consisting of hydrogen, atomic hydrogen, 
ammonia, derivatives thereof, and combinations thereof. 

57. (Previously Presented) The method of claim 56, wherein the process gas 
comprises a carrier gas selected from the group consisting of hydrogen, nitrogen, 
argon, helium, and combinations thereof. 

58. (Currently Amended) The method of claim [[54]] 1, wherein the circular flow 
pattern is selected from the group consisting of a vortex pattern, a helix pattern, a spiral 
pattern, derivatives thereof, and combinations thereof. 

59. (Previously Presented) The method of claim 14, wherein a circular flow pattern is 
formed as the carrier gas passes through the expanding channel. 

60. (Previously Presented) The method of claim 59, wherein the reducing gas 
comprises a reagent selected from the group consisting of hydrogen, atomic hydrogen, 
ammonia, derivatives thereof, and combinations thereof. 

61 . (Previously Presented) The method of claim 59, wherein the circular flow pattern 
is selected from the group consisting of a vortex pattern, a helix pattern, a spiral pattern, 
derivatives thereof, and combinations thereof. 

62. (Cancelled) Th e m e thod of c l aim 27, wh e r ei n th e proc e ss chamb e r compr i s e s an 
e xpand i ng chann el posit i on e d to e xpos e th e substrat e to a carr ie r gas . 

63. (Cancelled) Th e mothod of c l aim 62, whoro i n th e carr i er gas is d e liv e r e d from tho 
e xpanding channe l hav i ng a c i rcu l ar flow pattern . 

64. (Currently Amended) The method of claim [[63]] 27, wherein the ruthenium- 
containing compound is pulsed into the carri e r process gas. 

65. (Currently Amended) The method of claim 64, wherein the purge gas is the 
Gaffief process gas. 

66. (Previously Presented) The method of claim 65, wherein the reducing gas 
comprises a reagent selected from the group consisting of hydrogen, atomic hydrogen, 
ammonia, derivatives thereof, and combinations thereof. 

67. (Currently Amended) The method of claim 65, wherein the carr ie r process gas 
comprises a gas selected from the group consisting of hydrogen, nitrogen, argon, 
helium, and combinations thereof. 
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68. (Previously Presented) The method of claim 67, wherein the circular flow pattern 
is selected from the group consisting of a vortex pattern, a helix pattern, a spiral pattern, 
derivatives thereof, and combinations thereof. 

69. (Previously Presented) A method for forming a ruthenium layer on a substrate, 
comprising: 

positioning a substrate on a substrate support within a process chamber; 

flowing a carrier gas through an expanding channel substantially axially 
positioned with the substrate, wherein the carrier gas forms a circular flow pattern along 
the expanding channel; and 

exposing the substrate to the carrier gas while pulsing a ruthenium-containing 
compound into the carrier gas to form a ruthenium material on the substrate. 

70. (Previously Presented) The method of claim 69, wherein the carrier gas 
comprises a gas selected from the group consisting of hydrogen, nitrogen, argon, 
helium, and combinations thereof. 

71 . (Previously Presented) The method of claim 70, wherein the circular flow pattern 
is selected from the group consisting of a vortex pattern, a helix pattern, a spiral pattern, 
derivatives thereof, and combinations thereof. 

72. (Previously Presented) The method of claim 69, wherein a reducing gas and the 
ruthenium-containing compound are sequentially pulsed into the carrier gas and the 
reducing gas comprises a reagent selected from the group consisting of hydrogen, 
atomic hydrogen, ammonia, silane, disilane, diborane, derivatives thereof, and 
combinations thereof. 

73. (Previously Presented) The method of claim 69, wherein the ruthenium- 
containing compound and a reducing gas are sequentially pulsed into the carrier gas 
and the ruthenium-containing compound comprises a 2,4-dimethylpentadienyl ligand. 

74. (Previously Presented) The method of claim 73, wherein the ruthenium- 
containing compound is selected from the group consisting of bis(2,4- 
dimethylpentadienyl) ruthenium, (2,4-dimethylpentadienyl) ruthenium 
(cyclopentadienyl), (2,4-dimethylpentadienyl) ruthenium (methylcyclopentadienyl), (2,4- 
dimethylpentadienyl) ruthenium (ethylcyclopentadienyl), (2,4-dimethylpentadienyl) 
ruthenium (isopropylcyclopentadienyl), derivatives thereof, and combinations thereof. 

75. (Previously Presented) The method of claim 69, wherein the ruthenium- 
containing compound is selected from the group consisting of tris(2,2,6,6-tetramethyl- 
3,5-heptanedionato) ruthenium, bis(2,4-dimethylpentadienyl) ruthenium, dicarbonyl 
pentadienyl ruthenium, ruthenium acetyl acetonate, (2,4-dimethylpentadienyl) ruthenium 
(cyclopentadienyl), bis(2,2,6,6-tetramethyl-3,5-heptanedionato) ruthenium (1 ,5- 
cyclooctadiene), (2,4-dimethylpentadienyl) ruthenium (methylcyclopentadienyl), (1,5- 
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cyclooctadiene) ruthenium (cyclopentadienyl), (1,5-cyclooctadiene) ruthenium 
(methylcyclopentadienyl), (1,5-cyclooctadiene) ruthenium (ethylcyclopentadienyl), (2,4- 
dimethylpentadienyl) ruthenium (ethylcyclopentadienyl), (2,4-dimethylpentadienyl) 
ruthenium (isopropylcyclopentadienyl), bis(N,N-dimethyl 1 ,3-tetramethyl diiminato) 
ruthenium (1,5-cyclooctadiene), bis(N,N-dimethyl 1,3-dimethyl diiminato) ruthenium 
(1 ,5-cyclooctadiene), bis(allyl) ruthenium (1 ,5-cyclooctadiene), (r| 6 -C6H 6 ) ruthenium 
(1 ,3-cyclohexadiene), bis(1,1-dimethyl-2-aminoethoxylato) ruthenium (1,5- 
cyclooctadiene), bis(1,1-dimethyl-2-aminoethylaminato) ruthenium (1,5-cyclooctadiene), 
derivatives thereof, and combinations thereof. 

Conclusion 

Any inquiry concerning this communication or earlier communications from the 
examiner should be directed to Kelly Stouffer whose telephone number is (571 ) 272- 
2668. The examiner can normally be reached on Monday - Thursday 7:00-5:30. 

If attempts to reach the examiner by telephone are unsuccessful, the examiner's 
supervisor, Timothy Meeks can be reached on (571 ) 272-1423. The fax phone number 
for the organization where this application or proceeding is assigned is 571-273-8300. 

Information regarding the status of an application may be obtained from the 
Patent Application Information Retrieval (PAIR) system. Status information for 
published applications may be obtained from either Private PAIR or Public PAIR. 
Status information for unpublished applications is available through Private PAIR only. 
For more information about the PAIR system, see http://pair-direct.uspto.gov. Should 
you have questions on access to the Private PAIR system, contact the Electronic 
Business Center (EBC) at 866-217-9197 (toll-free). If you would like assistance from a 
USPTO Customer Service Representative or access to the automated information 
system, call 800-786-9199 (IN USA OR CANADA) or 571-272-1000. 
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